. However, we found that most value for perfectly K ϩ -selective channels. Therefore Kir5.1 protein expressed in brain did not coassemble PSD-95 aided Kir5.1 in forming a functional homomeric with Kir4.1 . Therefore, an uniden-K ϩ channel in HEK293T cells. tified mechanism might be required to allow the forma-A significant amount of Kir5.1 is expressed in brain tion of functional homomeric Kir5.1 channels in situ.
as well as in kidney . Therefore, We noticed that Kir5.1 possesses an amino acid sewe examined whether immunoprecipitants with antiquence, SQM, at its carboxyl (C) end. This sequence Kir5.1 antibody obtained from these organs contained corresponds to a motif for interaction with PDZ domains, PSD-95 or SAP97. Although both MAGUKs could be detected from brain by Western blot analysis, the immunoprecipitant obtained from brain with anti-Kir5.1 anti- Figure 2B ). The remaining cells in which GFP-Kir5.1 reactivity was also localized ( Figure 1F ). In kidney, on distributed diffusely were not stained with anti-PSD-95 the other hand, neither PSD-95 nor SAP97 was detected antibody (data not shown). by Western blot analysis, and the immunoprecipitant The distribution of Kir5.1 was further examined with obtained with anti-Kir5.1 antibody did not contain either immunoelectron microscopy ( Figure 2C ). When ex-MAGUK. These results suggest that PSD-95 and Kir5.1 pressed alone, the immunoreactivity for GFP tagged to actually form a protein complex in vivo in brain.
Kir5.1 was detected in cytoplasm, while it was associated with the plasma membrane when coexpressed with PSD-95 Alters Intracellular Location of Kir5.1 PSD-95 (white arrows in the middle panel of Figure 2C ). To identify mechanisms responsible for Kir5.1 channel The graph in Figure 2C Kir5.1 possesses a putative PDZ binding motif at its that lacked either PDZ3 or SH3 could not. The cells cotransfected with PDZ3-SH3 and Kir5.1, however, did C terminus. A deletion mutant (Kir5.1⌬SQM) and a point mutant, in which serine 417 was mutated to aspartate not express any significant K ϩ current (n ϭ 5; lower traces in Figure 3C ). Therefore, PDZ3-SH3 is necessary (Kir5.1S417D), distributed diffusely in cytoplasm even in the presence of PSD-95 ( Figures 2D and 2E Figure 4A ). For comparison, the distri-GST pull-down studies using the C-terminal 58 amino acid segment (CT58) of Kir5.1 ( Figure 3A) . PSD-95 bound bution of Kir4.1, which forms a functional K ϩ channel by itself, was also examined. When expressed alone, to this segment of wild-type Kir5.1, but not to that of a deletion mutant (⌬SQM) or that of a point mutant Kir5.1 was mostly detected in the vesicle fraction, while Kir4.1 was detected equally in membrane and vesicle (S417D). These results were consistent with the diffuse cytosolic distribution of Kir5.1⌬SQM and Kir5.1S417D fractions. We calculated in each case the relative content of channel proteins in the membrane fraction with even in the presence of PSD-95 ( Figures 2D and 2E ). It was also confirmed that no functional K ϩ current was reference to that in the vesicle fraction by using NIH image software (right graph in Figure 4A ). The relative detected in the HEK293T cells cotransfected with Kir5.1S417D and wild-type PSD-95 (n ϭ 5; upper traces content of Kir5.1 was 0.30 Ϯ 0.04 (n ϭ 3), which was significantly lower than that of Kir4.1 (1.17 Ϯ 0.22, n ϭ in Figure 3C ).
To identify the regions in PSD-95 that interact with 3). When PSD-95 was coexpressed, the amount of Kir5.1 in the membrane fraction increased, and the relative Kir5.1, we performed GST pull-down studies against GFP-Kir5.1 using several domains of PSD-95 ( sults were also obtained in the case of Kir5.1⌬SQM (n ϭ at room temperature, any proteins that are exposed to extracellular space even transiently during the incuba-3; data not shown).
We also examined the distribution of a deletion mution period could be biotinylated. On the other hand, at 4ЊC, only the proteins that are stably expressed on the tant, Kir5.1⌬49, in which the C-terminal 49 amino acids that contain a putative endoplasmic reticulum (ER) recell surface during the biotinylation procedure could be biotinylated. tention signal motif, RRR, were deleted. The signal (RKR) at the corresponding portion in Kir6.0 has been shown At room temperature, both Kir4.1 and Kir5.1 were biotinylated, even when expressed alone. In contrast, at to cause ER retention of this subunit (Zerangue et al., 1999) . The relative content of Kir5.1⌬49 in membrane 4ЊC, while a relatively large amount of Kir4.1 was biotinylated, little Kir5.1 was biotinylated. When PSD-95 was fraction was 0.27 Ϯ 0.08 (n ϭ 3), which was similar to that of wild-type Kir5.1 expressed alone. This result coexpressed, the amount of biotinylated Kir5.1 at 4ЊC increased prominently. In each case, the amount of suggests that the putative ER retention signal is not responsible for the distribution of Kir5.1 in the vesicle Kir5.1 was normalized with reference to that of Kir4.1 for comparison (right graph in Figure 4B ). Coexpression fraction.
In Figure 4B , we performed further cell surface biotinyof PSD-95 did not alter the content of Kir5.1 expressed in HEK293T cells (0.98 Ϯ 0.07 for Kir5.1 and 0.97 Ϯ 0.05 lation studies, where only the proteins that are exposed to extracellular space are expected to be biotinylated.
for Kir5.1/PSD-95, n ϭ 3 for each). At room temperature, the amount of biotinylated Kir5.1 was 1.25 Ϯ 0.05 (n ϭ We performed these experiments at room temperature (22-24ЊC) and also at 4ЊC. At room temperature, synthe-3) when expressed alone and 0.95 Ϯ 0.04 (n ϭ 3) when coexpressed with PSD-95. Thus coexpression of PSDsis and sorting of proteins would take place continuously, while they would be largely disturbed at 4ЊC. Thus, 95 did not increase the amount of Kir5.1 reaching the Kir5.1 on the cell surface. This is probably the reason why PDZ3-SH3 could not produce a functional K ϩ chanprotein was newly synthesized in this time scale.
When GFP-Kir5.1 was expressed alone, the fluoresnel ( Figure 3C ). Based on this property of PDZ3-SH3, we examined the effect of PDZ3-SH3 on localization of cence resumed gradually and reached a plateau within 2 min, regardless of the size of bleached areas (10%-90% Kir5.1 in cultured neurons ( Figure 5D ). PDZ3-SH3 was expressed in cultured neurons with the LipofectAMINE of the cell area; Figure 5A ). The relative intensity at plateau depended on the size of bleached area; i.e., when method. In 5 of 100 neurons examined, Kir5.1 immunoreactivity distributed diffusely within the cell ( Figure 5D , ‫,%01ف‬ 50%, 70%, or 90% of the whole cell area was bleached, the intensity in bleached regions recovered lower panels). In contrast, in all mock-transfected neurons (n ϭ 300), Kir5.1 immunoreactivity was detected on to ‫,%06ف‬ 35%, 30%, or 20% of the initial intensity, respectively. When PSD-95 was coexpressed with Kir5.1, somato-dendritic regions in a clustered manner. Taking anti-Kir5.1 antibody from rat brain was performed (Figure 6C) . While a significant amount of PSD-95 was decontaining 5 M forskolin, 100 M 8-Br-cAMP, and 100 Figure  6D , therefore, we assessed the effect of cAMP treatment 0.16 ( Figure 7B , "Post") (n ϭ 3 for each). In Figure 7C , the alteration in fluorescence intensity on the phosphorylation of serine residues in CT58 of Kir5.1. After cAMP treatment, the fragment containing of GFP-Kir5.1 in the vicinity of the cell surface was compared with and without cAMP treatment. In the wild-type sequence of CT58, but not the one containing a mutation at S417, was detected by the antibody HEK293T cells expressing GFP-Kir5.1, most of the cell area was bleached out, and the fluorescence of the that specifically detects the phosphorylated form of serine residues. These results strongly support the notion small, unbleached areas in the vicinity of the cell surface was monitored. In the cells expressing GFP-Kir5.1 alone that S417 of Kir5.1 is actually phosphorylated by cAMP treatment and suggest that this phosphorylation is re-( Figure 7C , upper panels), the intensity reduced rapidly within several minutes and reached ‫%52ف‬ and ‫%51ف‬ sponsible for PKA-mediated disruption of the Kir5.1/ PSD-95 complex.
of the initial value after 10 and 40 min of monitoring, respectively (closed circles in the right graph in Figure  There 
